Mössbauer studies of aconitase. Substrate and inhibitor binding, reaction intermediates, and hyperfine interactions of reduced 3Fe and 4Fe clusters.
Active beef heart aconitase contains a [4Fe-4S] cluster. One iron of the cluster, Fea, is labile and can be removed easily by oxidation in air to yield the [3Fe-4S]1+ cluster of inactive aconitase. We have previously shown that substrate binds to Fea. We have continued our Mössbauer studies by further investigating the active and inactive forms of the enzyme. When active aconitase, [4Fe-4S]2+, is mixed with substrate, two species (substrates or intermediates bound to Fea) labeled S1 and S2 are obtained. With the nitroanalogs of citrate and isocitrate, thought to be transition state analogs, and fluorocitrate, species S2, but not S1, is observed, suggesting that S2 represents a carbanion transition state complex. We have prepared Mössbauer samples by rapid mix/rapid freeze techniques. Using either citrate, isocitrate or cis-aconitate, the natural substrates, we have been able to detect at 0 degree C reaction intermediates in the 5-35 ms time range and, studying enzyme substrate interactions at subzero temperatures in a water/methanol/ethylene glycol solvent, we have observed new species when substrates were added at -60 degrees C. Details of these experiments are given, although in neither case can unique interpretations be offered at this time. We have also investigated reduced active aconitase ([4Fe-4S]1+; EPR at g = 1.94) in the presence of substrate with material selectively enriched with 57Fe in either Fea or the other three cluster sites. The spectra were analyzed with a spin Hamiltonian, and the results are discussed and interpreted in terms of three inequivalent Fe sites in the cluster. Finally, we have studied enzyme containing the reduced [3Fe-4S]0 cluster. There is no indication that citrate binds to the 3Fe cluster, and since no significant activity was observed, we conclude that aconitase containing a 3Fe cluster is not active in either oxidation state.